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(54) Diversity Reception apparatus and method 

(57) Desired signal power detection sections 1 09 to 
116 measure a signal power level from a communica- 
tion partner received at respective antennas 101 to 108. 
Antenna set selection section 1 1 7 obtains a sum of sig- 
nal power levels from the communication partner 
received at four antennas belonging to each of antenna 
sets A to D each composed of combined antennas 
selected in advance to form a predetermined radiation 
pattern, for each antenna set, and selects an antenna 



set with the sum being the highest. Switch 120 connects 
received signals only from antennas belonging to the 
selected antenna set to reception RF sections 121 to 
124. Received signal inputted to respective reception 
RF sections 121 to 124 are converted into respective 
intermediate-frequency signals, combined in signal 
combining section 125, and demodulated in demodula- 
tion section 126 to be a desired signal. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a reception apparatus and reception method, more particularly, a diversity 
system reception apparatus and reception method which obtain excellent reception conditions using a selected 
antenna set. 
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Description of the Related Art 



[0002] FIG. 1 illustrates the whole configuration of a conventional diversity system reception apparatus. The recep- 
tion apparatus is composed of 8 reception antennas 1 to 8, reception RF sections 9 to 16 of which the number is the 

is same as that of reception antennas, signal combining section 1 7, and demodulation section 1 8. 

[0003] In the reception apparatus with the above-mentioned configuration, received signals received at reception 
antennas 1 to 8 are inputted to reception RF sections 9 to 1 6 to output downconverted signals with an intermediate fre- 
quency, respectively. The intermediate-frequency signals are subjected to equal-gain combining or maximal-ratio com- 
bining in signal combining section 17, and then demodulated in demodulation section 18. The demodulated message 

20 is thus finally obtained. 

[0004] However, in the reception apparatus, since it is necessary to prepare reception RF sections 9 to 16 of which 
the number is the same as that of reception antennas 1 to 8, there is the problem that the circuit scale for signal 
processing becomes large. Further, since complicated signal processing such as subjecting each received signal to 
weighting to combine, in order to obtain diversity effects as much as possible, there is another problem that it takes a 
25 relatively long time to process signals. 

[0005] In order to solve such problems, proposed is a diversity system reception apparatus disclosed in Japanese 
Unexamined Patent Publication HEI9-307492. 

[0006] FIG.2 illustrates a configuration o\ the above-mentioned reception apparatus. Antennas 21 to 24 each has 
a radiation pattern, and receives a radio signal with the radiation pattern. Selection section 25 receives a control signal 
from control section 26 and transmits a received signal for each antenna to comparison section 27 sequentially, while 
having the function for selecting an antenna for use in reception. Comparison section 27 compares a level of the 
received signal, and transmits the compared result to control section 26. Based on the compared result, control section 
26 transmits the control signal instructing to select an antenna with the largest received level and another antenna with 
the second largest received level. 

[0007] Combining section 28 subjects received signals from antennas that selection section 25 selects to phase 
control and amplitude control, and then combines the resultant signals. Reception section 29 receives a combined 
received signal to output a desired signal. 

[0008] Operations in the reception apparatus are next explained. First, received signals received at antennas 21 to 
24 are transmitted sequentially to comparison section 27 through selection section 25. Comparison section 27 com- 
pares a level of the received signal from each of antennas 21 to 24 to each other, and transmits the compared result to 
control section 26. Based on the compared result, control section 25 controls selection section 25 to select an antenna 
with the largest received level and another antenna with the second largest received level. Thus, the received signals 
from selected antennas are only combined in the combining section after being subjected to the phase control and 
amplitude control, and then transmitted to the reception section. The optimal reception conditions are thus achieved. 
[0009] As described above, according to the reception apparatus, since received signals only from two antennas 
selected from among antennas 21 to 24 are signal-processed, the circuit scale for the signal processing can be 
reduced. 

[0010] However, in the reception apparatus disclosed in Japanese Unexamined Patent Publication HEI9-307492, 
since an antenna is selected based on a received quality obtained with the antenna alone, the combination of antennas 
which provides the best received quality of a combined signal is not always obtained. Further, in the case where the 
antenna is selected based on the received quality of the combined signal, since the number of combinations of anten- 
nas of which the received quality is compared increases exponentially as the number of antennas is increased to 
improve the diversity effects, the antenna selection method becomes complicated. 

[0011] When the antenna selection method thus becomes complicated, since the complicated comparison method 
and control are necessary, the circuit scale becomes large, causing the problem that it takes a longer time to select 
antennas. As a result, the conventional problem is not solved. 
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SUMMARY OF THE INVENTION 

[0012] An object of the present Invention is to provide a reception apparatus and reception method that achieve 
excellent reception conditions in a short time with a small-scaled calculation circuit using a simple selection method. 
5 [001 3] The present invention provides the reception apparatus that handles as a unit an antenna set with antennas 
combined in advance. Specifically, in selecting antennas for use in reception, handling the antenna set as the unit, the 
reception apparatus collectively selects antennas using as a criterion qualities of received signals received at the 
antenna set. 

[0014] Since the apparatus thus handles the antenna set as the unit, it is possible to limit the number of calculation 
w times for received qualities to be needed as the criterion for the antenna selection and the number of combinations of 
target antennas for the antenna selection, as compared to the case where each antenna is handled as the unit. Accord- 
ingly, it is possible to achieve excellent reception conditions in a short time with the small-scaled calculation circuit. 
[0015] Further, the antenna set according to the present invention is composed of antennas which are selected in 
advance from among some antenna groups so that the antennas belonging to the antenna set forms a predetermined 
15 radiation pattern. 

[001 6] Since the antennas belonging to the antenna set thus form the predetermined radiation pattern, it is possible 
to achieve the excellent reception conditions assuredly even though a simple selection method handling the antenna 
set as the unit is used. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above and other objects and features of the invention will appear more fully hereinafter from a consid- 
eration of the following description taken in connection with the accompanying drawing wherein one example is illus- 
trated by way of example, in which; 

25 

FIG.1 is a block diagram illustrating a whole configuration of a conventional diversity system reception apparatus; 
FIG.2 is a block diagram illustrating a whole configuration of a conventional diversity system reception apparatus; 
FIG.3 is a block diagranrullustrating a whole configuration of a reception apparatus according to a first embodiment 
of the present invention; 

30 FIG.4 is a diagram illustrating a direction of a radiation pattern of an antenna according to the first embodiment; 
FIG.5 is a diagram illustrating an arrangement of antennas according to the first embodiment; 
FIG.6 is a diagram illustrating a method for composing an antenna set according to the first embodiment; 
FIG.7 is a timing diagram illustrating timings used for selecting the antenna set according to the first embodiment; 
FIG.8 is a timing diagram illustrating timings used for selecting the antenna set according to the first embodiment; 

35 FIG.9 is a diagram illustrating a method for composing a antenna set in a reception apparatus according to a sec- 
ond embodiment; and 

FIG. 10 is a block diagram illustrating a whole configuration of a reception apparatus according to a fourth embodi- 
ment. 

40 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] The reception apparatus according to the present invention has a plurality of antenna sets each of which is 
composed of directional antennas selected in advance from a plurality of directional antennas to form a predetermined 
radiation pattern, a quality detector that detects a quality of a received signal received at each of the directional anten- 
45 nas, and an antenna set selector that selects an antenna set for use in reception based on the quality obtained in the 
quality detector, and performs selection of antennas for use in reception handling the antenna set as a unit. Therefore, 
in detecting a received quality used as a criterion for antenna selection, it is possible to omit useless processing that 
detection is repeated at the number of times equal to the number of combinations corresponding to arbitrary combina- 
tions of antennas. 

so [0019] In addition, since antennas belonging to the antenna set form a predetermined radiation pattern, it is possi- 
ble to achieve excellent reception conditions assuredly even when such a simple selection method handling the 
antenna set as the unit is used. Further, since the antenna set is the combination of in-advance-selected antennas, and 
the number of antenna sets is small, it is made possible to select the antenna set fast, and it is also possible to achieve 
excellent reception conditions immediately responding to changes of reception environments. 

55 [0020] In addition, it may be possible that the same antenna belongs to different antenna sets, and that the antenna 
set is composed of only a single antenna. Moreover, it may be possible that the number of antennas belonging to the 
antenna set varies. 

[0021] Further, in the reception apparatus of the present invention, the plurality of directional antennas are divided 



3 



EP 1 026 835 A2 



into a plurality of antenna groups each composed of a plurality of directional antennas each with a radiation pattern with 
a respective different direction, and the directional antennas belonging to the antenna set are selected in advance from 
among the directional antennas composing the antenna group. 

[0022] Therefore, since the plurality of directional antennas are divided into a plurality of antenna groups, the instal- 
lation of antennas are facilitated by installing antennas collectively for each antenna group. Moreover, as antennas 
belonging to the antenna set, it is satisfactory that a number of antennas to be needed are selected from among anten- 
nas composing the antenna group, facilitating the antenna selection. Further, when it is determined that as antennas 
belonging to the same antenna, two or more antennas are not selected from the same antenna group, the antennas for 
use in reception are away from each other by a predetermined distance, improving spatial diversity effects. 
[0023] In addition, for the selection of antennas belonging to the antenna set, it may be possible that two or more 
antennas are selected from the same group, and that no antenna is selected from some antenna group or groups. 
[0024] Further, in the reception apparatus of the present invention, the plurality of directional antennas are divided 
into the plurality of antenna groups each of which is composed of the plurality of directional antennas each with the radi- 
ation pattern with the respective different direction, each of the antenna groups is installed near each vertex of a sub- 
stantially polygon on a virtual plane on which the directional antennas are arranged, and as the directional antennas 
belonging to the antenna set, a predetermined number of the directional antennas are selected in advance in ascending 
order of an angle between a direction of a radiation pattern of an directional antenna and another direction that is ver- 
tical to one side of the substantially polygon. 

[0025] Therefore, since the plurality of directional antennas are divided into the plurality of antenna groups, the 
installation of antennas is facilitated by installing antennas collectively for each antenna group. Further, since it is pos- 
sible to match directions of radiation patterns of antennas belonging to the antenna set for each antenna set, it is pos- 
sible to form a predetermined radiation pattern easily. 

[0026] Further, the reception apparatus of the present invention has reception sections of which the number is 
smaller than the total number of the plurality of directional antennas, and as the directional antennas belonging to the 
antenna set, a predetermined number of antennas are selected, where the predetermined number is equal to or less 
than the number of reception sections. 

[0027] Therefore, since the number of reception sections is smaller than the total number of antennas, the circuit 
scale becomes small because of no unnecessary reception sections. Further, since the number of antennas belonging 
to each antenna set is smaller than the number of reception sections, it is possible to assuredly receive signals from 
concurrently used antennas. 

[0028] Furthermore, in the reception apparatus of the present invention, the quality detector detects a quality of 
each received signal received at respective directional antenna, where the received signal is not combined yet, and the 
antenna set selector selects the antenna set for use in reception under a condition that the antenna set contains at least 
an directional antenna with the quality being the highest, or that the antenna set has the total quality being highest, 
where the total quality is obtained by totaling each quality of each of the directional antennas contained in the antenna 
set. 

[0029] Therefore, it is possible to select antennas by detecting the quality of each received signal that is not com- 
bined yet, it is possible to perform the selection of the antenna set easily and fast without executing signal combining 
processing and demodulation processing. 

[0030] Further, with respect to the condition that the antenna set contains the directional antenna from which the 
received signal has the highest quality, and the condition that the total quality obtained from qualities of received signals 
from the directional antennas contained in the antenna set is the highest, each condition has the strong correlation with 
qualities of a combined received signal, and is a criterion of which the calculation can be processed relatively easily. 
Therefore, the method is not only simple, but also capable of achieving diversity effects. 

[0031] Furthermore, in the reception apparatus of the present invention, the quality detector detects a quality of a 
combined signal which is obtained by combining the received signals, and the antenna set selector switches the 
antenna set to another set when the quality does not meet a predetermined criterion, while selecting the antenna set 
used in a current communication as an antenna set for use in reception when the quality meets the predetermined cri- 
terion. 

[0032] Therefore, since antennas can be selected by quantifying a received quality based on a combined received 
signal which is a final output in the reception apparatus, it is possible to optimize the received quality the most directly 
and assuredly 

[0033] Further, since the method is simple that the antenna set is switched to another one when the received quality 
does not meet the predetermined criterion, it is possible to achieve diversity effects easily with the small-sized circuit 
scale maintained. 

[0034] Furthermore, in the reception apparatus of the present invention, the quality is at least one selected from the 
group consisting of a received field strength, a received power level, a field strength of a received signal from a commu- 
nication partner, a power level of the received signal from the communication partner, a ratio of the field strength of the 
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received signal from the communication partner to a total received field strength, and a ratio of the power level of the 
received signal from the communication partner to a total received power level. 

[0035] Therefore, since the selection of antenna set is performed based on the criterion having the strong correla- 
tion with the qualities of the combined received signal, it is possible to optimize the received quality assuredly. 
5 [0036] Further, in the reception apparatus of the present invention, the quality is at least one selected from the 
group consisting of a presence or absence of error detection, a detected result obtained using a cyclic redundant code, 
an error rate and a constellation variance. 

[0037] Therefore, since the selection of the antenna set is performed based on the criterion directly indicating qual- 
ities of a demodulated received signal, it is possible to optimize the received quality assuredly the most directly. 
io [0038] In the reception apparatus of the present invention, the antenna set selector has a preliminary selector that 
selects the antenna set based on the quality of a frame of the received signal, a selected information storage that stores 
the selected antenna set, and a combining demodulator that combines received signals from the directional antennas 
belonging to the antenna set stored in the selected information storage section to demodulate in receiving a next frame 
after the frame. 

is [0039] Therefore, since the antenna set is selected in advance, it is possible to process the combining and demod- 
ulation immediately after receiving a received signal from the antennas belonging to the selected antenna set. Accord- 
ingly, it is possible to shorten the time required by the demodulation after reception. 

[0040] In addition, although the reception environments when the antenna set is selected is not the same as those 
when received signals from the antenna set are combined and demodulated, the variations of reception environments 
20 can be neglected by making the time required by the processing for the selection, combining and then demodulation 
adequately short. 

[0041 ] Further, the transmission/reception apparatus of the present invention has the above-mentioned reception 
apparatus and a transmitter that performs a radio communication using the antenna set selected in the antenna set 
selector. 

25 [0042] Therefore, since the radio transmission is performed using the same antenna set selected in advance to 
form the radiation pattern, the radiation pattern of the antennas set points to the direction of the communication partner, 
making it possible to reduce interference in other receivers which are not in the communication partner. 
[0043] Further, a base station apparatus of the present invention has the above-mentioned reception apparatus. 
Therefore, the reception apparatus in the base station apparatus can achieve excellent reception conditions in a short 

30 time with the small-scaled calculation circuit. Further, the reception apparatus in the base station apparatus can achieve 
excellent reception conditions also immediately responding to changes of reception environments. 
[0044] Further, the reception method of the present invention comprises the antenna selection step of selecting a 
plurality of directional antennas so that the antennas compose an antenna set with a predetermined radiation pattern, 
the quality detection step of detecting a quality of a received signal received at each of the directional antennas, and 

35 the antenna set selection step of selecting the antenna set for use in reception based on the quality obtained in the qual- 
ity detection step. 

[0045] According to the method, since the selection of antennas is performed using the antenna set as the unit, it 
is possible to limit the number of calculation times for received qualities needed as the criterion for the antenna selection 
and the number of combinations of target antennas for the antenna selection, as compared to the case where each 
40 antenna is used as the unit. Accordingly, it is possible to achieve excellent reception conditions in a short time with a 
small-scaled calculation circuit. 

[0046] In addition, since antennas belonging to the antenna set form a predetermined radiation pattern, it is possi- 
ble to achieve excellent reception conditions assuredly even when such a simple selection method handling the 
antenna set as the unit is used. Further, since the antenna set is the combination of in-advance-selected antennas, and 
45 the number of antenna sets is small, it is made possible to select the antenna set fast, and it is also possible to achieve 
excellent reception conditions immediately responding to changes of reception environments. 

[0047] Furthermore, in the reception method of the present invention, in the antenna selection step, an directional 
antenna is selected from an antenna group obtained by dividing the plurality of directional antennas into a plurality of 
antenna groups each to form radiation patterns with respective different directions. 

so [0048] According to the method, since the.plurality of directional antennas are divided into the plurality of antenna 
groups, the installation of antennas are fac litated by installing antennas collectively for each antenna group. 
[0049] Moreover, as antennas belonging to the antenna set, it is satisfactory that a number of antennas to be need 
are selected from among antennas composing the antenna group, facilitating the antenna selection. Further, when it is 
determined that as antennas belonging to the same antenna, two or more antennas are not selected from the same 

55 antenna group, the antennas for use in reception are away from each other by a predetermined distance, improving 
spatial diversity effects. 

[0050] Further, the reception method of the present invention comprises the installing step of installing one of the 
plurality of antenna groups each obtained by dividing the plurality of directional antennas to form radiation patterns with 
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respectivedifferent direction near each vertex of a substantially polygon on a virtual plane, and in the antenna selection 
step, a _predeterm,ned number of directional antennas are selected in ascending order of an angle between a direction 
ofa radiation pattern of an fractional antenna and another direction that is vertical to one side of the substantially pol- 

i?! 511 *, ^"jf"? 10 t !? e meth0d - Since the plurality of dir ectional antennas are divided into the plurality of antenna 
groups, the installation of antennas is facilitated by installing antennas collectively for each antenna group Further 
since rt is possible to match directions of radiation patterns of antennas belonging to the antenna set for each antenna 
set. it is possible to form a predetermined radiation pattern easily. 

[0052] Further, in toe reception method of the present invention, in the quality detection step, the quality of each 
receded signal received at respective directional antenna is detected before the received signal is combined and in the 
antenna set selection step, the antenna set for use in reception is selected under a condition that the antenna set con- 
tains at least an directional antenna with the quality of the highest value, or that the antenna set has the total quality 
being highest, where the total quality is obtained by totaling each quality of each of the directional antennas contained 
in the antenna set. 

L 0 ^ 1 * AcCO, fr 9 . *° metnod - * is PO^Ue to select antennas by detecting a quality of each received signal 
before the received signal is combined, it is possible to perform the selection of the antenna set easily and fast without 
executing signal combining processing and demodulation processing 

5U?L • FU ^ 6r ' r th J e ! P6Ct to * e COnditi0n that the antenna Set contains lne <*rectional antenna from which the 
eceiyed signal has the h ig hest quality, and the condition that the total quality obtained from qualities of received signals 
from the director* antennas contained in the antenna set is the highest, each condition has the strong correlation with 
qualrt.es of a combined received signal, and is a criterion of which the calculation can be processed relatively easily. 
Therefore, the method is not only simple, but also capable of achieving diversity effects 

[0055] In the reception method of the present invention, in the quality detection step, a quality of a combined 
received signal is detected after the received signal is combined, and in the antenna set selection step^ the antonna s* 
is switched to another set when the quality does not meet the predetermined criterion, and the antenna set used in a 
Skfn C ° mmun,Ca,,0n is se,ected as antenna set for use in reception when the quality meets the predetermined cri- 

SUSLh ri^" 9 10 ! h l m ! th0d ; Si ? C6 ant6nnaS 03,1 be selected by quantifying a received quality based on the 
t~dlS^ 

IS!? 1 ♦ FU f IT' Sin ^ me m6th0d iS Simp ' e ^ * e an,ema set is t0 ^ter one when the received quality 

does not meet the predetermined criterion, it is possible to achieve diversity effects easily with toe small-sized circuit 
scale maintained. 

Engs Emb0dimentS 0f the present invention are ^Plained specifically below with reference to accompanying 
(First embodiment) 

l005 * ] , th FIG 3 is a diagram illustrating the whole configuration of a reception apparatus according to the first embod- 
22£ i? e J >r t Sem ' nV ' FIG 4 iS 3 di39ram illus,ratin 9 3 direction of a radiation pattern of an antenna. FIG.5 is a 
2° n hhh ? * a " arran9ement of antennas ' and F 'G-6 is a diagram to explain a method for composing an antenna 
set. In addition, the antenna set in the specification of the present invention refers to a set of antennas selected in 
advance so as to form a predetermined radiation pattern, of which toe details are described later 
[0060] The whole configuration of the reception apparatus according to toe first embodiment of the present inven- 
tus first expla.ned using FIG.3. Antennas 101 to 108 each receives a radio signal. Desired signal power detect 

i!!S 0 ^K 1 , 16 l a ° h fStChe ! 8 SiQnal fr ° m a ^rm'nication partner from the received signal to measure a power 
level of the signal, and outputs the measured level to antenna set selection section 117 

[0061] Antenna set selection section 1 1 7 are composed of preliminary selection section 1 1 8 and selected informa- 
^r^ 398 !r ,0n , • preHminar y se,ection section US selects the antenna set for use in reception based on 
th?^!° m r if f SeCti ° nS 109 10 1 16 SeleCted information storage section 1 19 temporarily stores 

the antenna set selected m preliminary selection section 1 1 8. and transmits at a predetermined timing a control signal 
instructing to switch between input terminals of switch 120 to switch 120 

EUSL .5?** 1 2 ? T"!! 65 be ^!" ^ termina ' S ,herSOf t0 0utput received si 9 na,s °"'y from antennas belong- 
ing to the antenna set stored in selected information storage section 119 to reception RF sections 121 to 124 Recep- 
tion RF sections 121 to 124 each converts toe inputted received signal into an intermediate-frequency signal to output 
to signal comb,n,ng section 125. Signal combining section 125 combines four intermediate-fr^uencj JgnJ s reS 
lively outputted from reception RF sections 121 to 124. Demodulation section 126 demodu.ates an o^uTsignal^Si 
signal combining section 1 25 to output a desired signal. 
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[0063] The composition of an antenna and that of the antenna set are next explained specifically using FIG.4 to 
FIG.6. Each antenna with a radiation pattern is indicated as illustrated in FIG.6, and it is assumed that the direction of 
the radiation pattern points to a direction of an arrow illustrated in FIG.4. Using these indications, the arrangement of 
antennas 101 to 108 is illustrated in FIG.5. 
s [0064] Antennas 1 01 and 1 02 have radiation patterns with reverse directions to each other, and these two antennas 
compose antenna group 301 . The antenna group is a set of some antennas arranged relatively close and is handled as 
a one body in the structure. To facilitate the handling and installation of the antenna group, for example, antennas 101 
and 102 belonging to the same antenna groip 301 are collectively fixed to a pole brace installed at a corner on a roof 
of a building. 

io [0065] In the same way, antennas 103 and 104 compose antenna group 302, antennas 105 and 106 compose 
antenna group 303, and antennas 1 07 and 1 08 compose antenna group 304. These antennas 103 to 1 08 are also han- 
dled as the one body in the structure for each antenna group. 

[0066] On the other hand, with respect to the relationship between mutual positions of antenna groups 301 to 304, 
each group is arranged away from another one by a distance which is about ten times the wavelength of the received 

75 signal to obtain effects by spatial diversity. In this embodiment of the present invention, it is assumed that each of 
antenna groups 301 to 304 is installed at one of four corners on the roof of the building respectively. 
[0067] The next description explains about the method for selecting antennas belonging to each of antenna sets A 
to D from among antennas 101 to 108 using FIG.6. Antenna groups 301 to 304 are respectively arranged at four cor- 
ners P, Q, R and S on the roof of the building, and a quadrangle PQRS is defined on a virtual plane. Using as a criterion 

20 an arrow L1 indicating a direction vertical to one side PS of the tetragon PQRS, antennas belonging to an antenna set 
are selected with the method described below. 

[0068] For example, antennas 1 01 to 108 each has a radiation pattern, and in ascending order of an angle between 
the direction of the radiation pattern thereof and the direction of the arrow L1 , four antennas are selected. According to 
FIG.6, antennas 101, 103, 106 and 108 are selected each with the angle between the direction of the radiation pattern 
25 thereof and the direction of the arrow L1 being about 45 degrees. The antenna set composed of antennas thus selected 
and combined is referred to as antenna set A. 

[0069] In the same method, with respect to each side PQ. QR or RS of the tetragon PQRS, antennas belonging to 
each of the antenna sets B, C and D are selected, respectively. The results obtained by performing the selection actu- 
ally are shown in. The antenna set A has a radiation pattern pointing to a direction of L1 , the antenna set B has a radi- 
30 ation pattern pointing to a direction of L2, the antenna set C has a radiation pattern pointing to a direction of L3, and the 
antenna set D has a radiation pattern pointing to a direction of L4. 



Table 1 
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A* denotes antenna. 



When antennas belonging to each of the antenna sets A, B, C and D are selected with the above-mentioned method, 
since the directions of radiation patterns of antennas belonging to each set are matched for each antenna set, each 
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antenna set forms a predetermined radiation pattern. Further, four radiation patterns are formed each pointing to a 

ISii^S 9 I I J 9 antema S6t for USe in reception ,rom amon 9 on, y four antenna sets each with the 
predetermined radiation pattern, rt ,s possible to obtain high diversity effects for receded signals from all directions 

[0070] Operations in the reception apparatus according to the first embodiment of the present invention are next 
explained using FJG.3 previously described. In F.G.3. when antennas 101 to 108 each receives a radio s?gnal. dS 
ttHSZ r2f2T Se 2 ,0nS J° 9 40 1 16 ^ m6aSUreS 3 ,evel of a ^ from a communication partnTr 

^108 r^!^flr e l S,9nal r Wer T 0 C ° ntelned in the received received -» * arrtenn'aTlOl 
to 108, respect vely. The measured results are shown in Table 2. 



Table 2 



Antenna number 


101 


102 


103 


104 


105 


106 


107 


108 


Desired signal power level 


40 


60 


20 


10 


5 


55 


5 


10 



e ^? e T set ., selection section 117 ^ects an antenna set for use in reception based on the measured 
results. Specrficalty. as illustrated in Table 3. antenna set selection section 117 obtains a sum of desired sLaTpctTr 

sum as the antenna set for use in reception. 



Table 3 



Antenna set 


Antennas belonging to 
antenna set 


Sum of desired signal 
power level 


Antenna set for use in 
reception 


A 


101, 103 
106, 108 


125 


O 


! B 


102, 103 
105, 108 


95 




c 


102, 104 
105, 107 


80 




D 


101, 104 
106, 107 


110 





L 00721 ^- S i? Ce ,h -f selection of an *ennas for use in reception is thus performed handing the antenna set with anten- 

SSSS In n ,0 f °T 3 radia,i ° n Patt6rn 85 3 Unit " " iS pOSS * ble to ° mit »ne "selessness that the sum of 
des.red signal power levels is calculated repeatedly conesponding to arbitrary combinations of antennas at the same 
number of times as that of the combinations for the antenna selection. Accordingly. R is possible to acNeve extern 
reception conditions in a short time with a small-scaled calculation circuit excellent 
IE add 1 it ' on - 4 | he reason for setti "9 desired signal power level at a selection criterion is that the desired 
ITr l^Z h !! S T° ng con ' e,ation ^ h or "« qualities of a combined received signal are good. Fur- 

,h , S T PWm ,eVe ' iS ° ne 01 qua,ities which 080 be detec t ed be *° r e the received signals are com- 

bing there are also advantages that the selection of the antenna set can be performed easily and fasfwiZt 
executing signal combining processing and demodulation processing 

£EL By th !! am ,! reaS ° n t' inStGad ° f ** d6Sired Signal power level - * may °e Possible to employ as the selection 

^ Tr 9 ^ 3 reCe,V6d S ' 9nal fr ° m 3 communication partner to the total received field strength or 
IS^JISZSS. 3 reC6,Ved SiSna ' fr ° m 3 C ° mmunication to ^ to ta. received power level, or any%om- 

K?2 «J? k 1° se,ecti0 " of 106 antenna set as described above, antenna set selection section 1 17 controls switch 
120 to swrtch between input terminals thereof so that received signals only from total four antennas belonging to^e 
antenna set A. i.e.. antennas 101. 103. 106 and 108. are connected respectively to four «Mo^SSta?5l Tto 
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[0076] Thus, among received signals received at eight antennas 101 to 108. only half of the received signals are 
needed to connect to reception RF sections 121 to 124. Therefore, it is possible to reduce the number of reception RF 
sections each of which has a large circuit scale particularly in the reception apparatus. As a result, it is possible to 
reduce the circuit scale in the whole reception apparatus. 

5 [0077] It is thus possible to achieve excellent reception conditions with diversity effects obtained even when 
received signals only from total four antennas belonging to the antenna set A, i.e., antennas 101. 103, 106 and 108, are 
connected respectively to four reception RF sections 121 to 124, combined and demodulated. It is obvious from that in 
a general diversity system with the combining of received signals such as maximal-ratio combining, it is possible to pre- 
vent signal qualities of combined signals from deteriorating without using received signals with poor received qualities 

io in the signal combining. 

[0078] Finally, received signals inputted to reception RF sections 121 to 124 are respectively converted into the 
intermediate-frequency signals, combined in signal combining section 125, and demodulated in demodulation section 
1 26 to be a desired signal. 

[0079] The above-mentioned explanations explain about the case where the combining and demodulation of 
75 received signals are executed after the selection of the antenna set. To execute the series of processing including the 
above-mentioned case, two methods are considered in view of timing for the selection of the antenna set. Such meth- 
ods are explained below specifically using FIG.7 and FIG.8. FIG.7 and FIG.8 are both timing diagrams illustrating tim- 
ings for selecting the antenna set, and indicates respectively the first method and the second method. 
[0080] The first method is first explained using FIG.7. In this method, at the same time as receiving a head of a 
20 frame of a received signal, preliminary selection section 1 18 in antenna set selection section 1 17 starts the selection of 
the antenna set and finishes the selection in a predetermined time. Next, selected information storage section 119 
stores the selected antenna set, and immediately transmits the control signal to switch 120. Thereafter, the combining 
and demodulation of received signals are executed. 

[0081 ] According to the first method, although it takes a relatively long time to finish the demodulation of the signal 
25 after the signal is received, since qualities related to the frame of the received signal are reflected in the combining and 
demodulation of received signals with the frame, high diversity effects are obtained even when reception environments 
vary in a short period. Further, since it is not necessary for selected information storage section 1 19 to always storage 
the selected antenna set, it is possible to provide a reception apparatus having a simple configuration with selected 
information storage section 1 19 eliminated from antenna set selection section 117. 
30 [0082] The second method is next explained using FIG.8. In this method, at the same time as receiving a head of 
frame 1 of a received signal, a control signal is transmitted to switch 120 according to the stored information in selected 
information storage section 119, and immediately the combining and demodulation of the received signals are exe- 
cuted. Next, based on the received quality of frame 1 of the received signal, preliminary selection section 118 in 
antenna set selection section 1 17 selects the antenna set, and selected information storage section 1 19 stores the 
35 selected antenna set. 

[0083] When frame 2 is received thereafter, at the same time as receiving a head of frame 2, selected information 
storage section 119 transmits to switch 120 the control signal instructing to combine and demodulate received signals 
from antennas belonging to the antenna set selected based on the received quality of frame 1 . The same processing is 
repeated on following frames. 

40 [0084] According to the second method, the antenna selection does not require a time, it is possible to shorten the 
time required by finishing the demodulation of the signal after the signal is received. In addition, although the quality of 
the frame of the received signal is reflected in the combining and demodulation of the received signal with not the frame 
but a next frame after the frame, sufficient diversity effects can be obtained in the case where reception environments 
do not vary in a short period. 

45 [0085] Thus, according to the reception apparatus according to the first embodiment of the present invention, since 
antennas belonging to the antenna set are first selected based on the directions of radiation patterns of the antennas, 
it is possible to assuredly compose the antenna set and form the predetermined radiation patterns, with the simple 
method. In addition, since the selection of antennas for use in reception is performed handling such an antenna set as 
a unit, it is possible to eliminate the uselessness that processing such as detection, calculation and comparison is 

so repeated corresponding to arbitrary combinations of antennas at the same number of times as that of the combinations 
in detecting received qualities used as the criterion for the antenna selection. 

[0086] Further, since received signals from selected antennas are only inputted to reception RF sections, it is pos- 
sible to decrease a circuit scale with unnecessary reception RF sections eliminated. 

[0087] In addition, when a transmission/reception apparatus is used which is capable of performing radio transmis- 
55 sions with the antenna set selected in the reception apparatus according to the first embodiment of the present inven- 
tion, since the radiation pattern of the antenna set points to the direction of a communication partner, it is possible to 
perform efficient transmission, and further to reduce interference in other receivers which are not in the communication 
partner. Such a transmission/reception apparatus is applicable to a base station apparatus in mobile communications. 
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(Second embodiment) 



[0088] FIG.9 is an explanatory diagram illustrating a method for composing an antenna set in a reception apparatus 
according to the second embodiment of the present invention. The reception apparatus according to the second 
embodiment of the present invention has the same configuration as that in the first embodiment except the composition 
ofantennas. Therefore, the whole configuration of the reception apparatus and operations therein are not explained 
and the composition of antennas is only explained below. 

[0089] Antennas 701(a) to 706 (C) are arranged as illustrated in FIG.9. Antennas 701(a), 701(b) and 701(c) each 
has a radiation pattern with a direction that is away by 120 degrees from each other, and these three antennas compose 
antenna group 707. To facilitate the handling and installation of the antenna group, for example antennas 701(a) 
701(b) and 701(c) are fixed relatively close to each other at a corner on a roof of a building. 

[0090] In the same way. antennas 702(a). 702(b) and 702(c) compose antenna group 708. and other antennas also 
compose, as illustrated in FIG.9. antenna groups 709. 710. 71 1 and 712. 

[0091] On the other hand, with respect to the relationship between mutual positions of antenna groups 707 to 712 
each group is arranged away from another one by a distance which is about ten times the wavelength of the received 
signal to obtain effects by spatial diversity. 

[0092] The next description explains the method for selecting antennas belonging to each of antenna sets A to F 
from among antennas 701(a) to 706(c) using FIG.9. Antenna groups 701 to 712 are respectively arranged at P Q R 
S. T and U. and a hexagon PQRSTU is defined on a virtual plane. Using as a criterion an arrow L1 indicating a directiori 
vertical to one side PQ of the hexagon PQRSTU. antennas belonging to an antenna set are selected with the method 
described below. 

[0093] For example, antennas 701 (a) to 706(c) each has a radiation pattern, and each belongs to one of antenna 
groups 707 to 712. Selected from each antenna group is an antenna in which the angle between the direction of the 
radiation pattern thereof and the direction of the arrow L1 is the smallest. 

[0094] According to FIG.9. selected from antenna group 707 is antenna 701(c) in which the angle between the 
direction of the rad.at.on pattern thereof and the direction of the arrow L1 is about 30 degree. In the same way. antennas 
702(b). 703(b), 704(a). 705(a) and 706(c) are selected from respective antenna groups. The antenna set composed of 
antennas thus selected and combined is referred to as antenna set A. 

[0095] In the same method, with respect to each side PQ, QR. RS. ST or TU of the hexagon PQRSTU, antennas 
belonging to each of the antenna sets B, C, D, E and F are selected, respectively. The results obtained by performing 
the selection actually are shown in Table 4. The antenna set A has a radiation pattern pointing to a direction of L1 the 
antenna set B has a radiation pattern pointing to a direction of L2. the antenna set C has a radiation pattern pointing to 
a direction of L3, the antenna set D has a radiation pattern pointing to a direction of L4, the antenna set E has a radia- 
tion pattern pointing to a direction of L5, and the antenna set F has a radiation pattern pointing to a direction of L6 
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Table 4 



Antenna set 


Antennas belonging to antenna set: 
Indicated by O 


Radiation 
Pattern 


Antenna 
group 707 


Antenna 
group 708 


Antenna 
group 709 


A* 

701 
(a) 


A* 

701 
(b) 


A* 

701 
(c) 


A* 

702 
(a) 


A* 

702 
(b) 


A* 

702 
(c) 


A* 

703 
(a) 


A* 

703 
(b) 


A* 

703 
(c) 


A 






o 




o 






o 




LI 


B 






o 






O 




o 




L2 


C 


O 










o 






o 


L3 


D 


o 






O 










o 


L4 


E 




o 




o 






O 






L5 


F 




o 






o 




o 






L6 



A* denotes antenna- Continued. 



11 



EP 1 026 835 A2 





set 




Antennas belonging 
indicated 


to antenna 
by O 


set : 






5 


cd 
c 


A 

gr 


ntenn 
oup 1 


la 
07 


Antenna 
group 708 


Antenna 
group 709 


c 
o 

■H C 

■M U 


10 


c 


A* 

704 
( a ; 


A* 

704 

(b) 


A* 

704 

(c) 


A* 

705 
(a) 


A* 

705 
(b) 


A* 

705 
(c) 


A* 

706 
(a) 


A* 

706 
(b) 


A* 

706 
(c) 


Radia 
Patte 




11 
A 


o 






U 










o 


LI 


15 


B 




o 




O 






O 






L2 




C 




o 






o 




o 






L3 


20 


D 






o 




o 






o 




L4 




E 






o 






o 




o 




L5 


25 


F 


o 










o 






o 


L6 



A* denotes antenna. 



so [0096] According to the reception apparatus in this embodiment which selects antennas belonging to the antenna 
sets A, B, C. D, E and F with above-mentioned method, as antennas belonging to the antenna set. an antenna which is 
optimal to form the radiation pattern is selected from among antennas composing an antenna group for each group 
facilitating the antenna selection. Further, among antennas belonging to the same antenna set. antennas for use in 
reception are away from each other by a distance which is about ten times the wavelength of a received siqnal imorov- 

35 mg effects by the spatial diversity. ' 

[0097] In addition, the selection of antennas belonging to the antenna set may employ a method for selecting a pre- 
determined number, equal to or more than two. of antennas from each antenna group, and the selection is also easy 
with this method. Further, another method may be employed that with other conditions defined in advance antenna 
groups each with a predetermined number of antennas is first selected, and a single antenna is selected only from each 

40 of the selected antenna groups. Furthermore, in this embodiment, although antennas are selected using as criterions 
directions each vertical to one of sides of the hexagon PQRSTU. the same effects are obtained, for example by usino 
as criterions diagonal lines PR. QS and others of the hexagon PQRSTU. 

[0098] In addition, although this embodiment explains the case where antennas are ananged near vertexes of the 
hexagon, this embodiment is not limited to the hexagon and H may be possible to employ any number of vertexes such 
4s as a triangle and a pentagon. 



50 



55 



(Third embodiment) 

[0099] A reception apparatus according to the third embodiment of the present invention has the same configura- 
tion as that in the first embodiment except the selection method for antenna set. Therefore, the whole configuration of 
the reception apparatus and operations therein are not explained, and the selection method for antenna set is onlv 
explained below. 7 

[0100] In the same way as in the first embodiment of the present invention, antennas 101 to 108 illustrated in FIG 3 
each receives a radio signal, and desired signal power detection sections 109 to 1 16 measure a desired signal power 
level received at antennas 101 to 108. respectively. The measured results are assumed as the same as those in Table 
2 explained in the first embodiment. At this point, under the condition that the antenna set includes an antenna with the 
largest desired signal power level, antenna set selection section 117 selects an antenna set with the largest sum of 
desired signal power levels among antenna sets meeting the above-mentioned condition. Specifically as illustrated in 
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Table 5, antenna set selection section 117 selects the antenna sets B and C to which antenna 102 with the largest 
desired signal power level belongs. Next, the section 117 obtains each sum of desired signal power levels received at 
four antennas belonging to the antenna set B or C. Finally, the section 117 selects the antenna set B with the largest 
sum among two antenna sets as an antenna set for use in reception. 

5 



Table 5 



10 


Antenna set 


Antennas belonging to 
antenna set 


Antenna set containin 
g antenna with highest 
desired signal power 
level 


Sum of desired signal 
power levels 


Antenna set for use in 
reception 




A 


101. 103 
106, 108 




125 




15 


B 


102, 103 
105, 108 


O 


95 


O 




C 


102, 104 


o 


80 




20 




105, 107 










D 


101, 104 
106, 107 




110 





25 [0101] Accordingly, even in the case where the antenna set A would be selected if the selection was performed 
using the sum of desired signal power levels as the criterion with the same selection method as in the first embodiment, 
the above-mentioned selection method results in that the antenna set B is selected. 

[0102] The reason for employing the above-mentioned selection method is that reception conditions sometimes 
deteriorate in the case where an antenna with the largest desired signal power level is not contained in the antenna set 
30 with the largest sum of desired signal power levels as compared to the case where the antenna set contains the 
antenna with the largest desired signal power level. 

[0103] Thus, according to the reception apparatus in this embodiment of the present invention, since the antenna 
set containing the antenna with the largest desired signal power level is always selected, it is possible to achieve excel- 
lent reception conditions with high diversity effects obtained assuredly 

35 

(Fourth embodiment) 

[0104] A reception apparatus according to the fourth embodiment of the present invention detects a quality of a 
combined signal after received signals are combined, and based on the quality, performs the selection of antenna set, 

40 which is greatly different from the reception apparatus according to the first embodiment. 

[0105] Therefore, the configuration and operations in the reception apparatus according to the fourth embodiment 
of the present invention are explained using FIG.10. FIG. 10 is a block diagram illustrating the whole configuration of the 
reception apparatus according to the fourth embodiment of the present invention. The same components as those in 
the reception apparatus according to the first embodiment illustrated in FIG.1 are given the same symbols. 

45 [01 06] The whole configuration of the reception apparatus according to the fourth embodiment of the present inven- 
tion is first explained using FIG.10. Antennas 101 to 108 each receives a radio signal. The arrangement of antennas 
101 to 108 and the compositions of the antenna sets are the same as those of antennas according to the first embod- 
iment illustrated in previously-described FIG.5 and Table 1, and explanations thereof are omitted herein. 
[0107] Switch 120 connects received signals only from antennas belonging to the antenna set selected in antenna 

so set selection section 802 to reception RF sections 121 to 124. Reception RF sections 121 to 124 convert respective 
inputted received signals into the intermediate-frequency signals to output to signal combining section 1 25. Signal com- 
bining section 125 combines the intermediate-frequency signals from reception RF sections 121 to 124. Demodulation 
section 126 demodulates an output signal from signal combining section 125 to output a desired signal. 
[0108] Error detection section 802 executes the error detection on the demodulated signal from demodulation sec- 

55 tion 126 using a cyclic redundant code to output a resultant. In addition, the cyclic redundant code is one of codes used 
in code error detection systems, and has characteristics that the coding can be executed with a simple circuit and errors 
can be detected efficiently. Generally, the error detection with the cyclic redundant code is executed with the system in 
which a transmission side divides a high-order polynomial representative of an original code by a generator polynomial 
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defined in advance to obtain a remainder code, and transmits the resultant obtained by adding the remainder code to 

^"SSL^S; 8 ITST !?l d i| deS the 00(16 Dy the 9enerator P°ly™™* ^ detects errors to 

check whether the received code is dividable. 

[0109] Antenna set selection section 801 selects an antenna set for use in reception based on the result outputted 
from error detection section 802. and outputs the control signal to switch 1 20 ^ 
l0U ,° ] ^ 0perations in , tne ^eption apparatus according to the fourth embodiment of the present invention are next 

ZSTSS? D ; ev '° usly r nti0 " ed RG 10 and TaWe r ,n F,G1 °- antennas 101 to 108 each receives a raS 
signal, according to the order predetermined as an initial setting, antenna set selection section 801 first selects the 

^nVm n ? T J 35 '!!^ 3 " ant6nna S6t for USe in recepti0n - ^ on the se 'ection. antenna set selection 
section 801 next controls switch 120 to switch between input terminals thereof to connect received signals onlv from 
antennas 101 . 103. 106 and 108 belonging to the antenna set A to reception RF sections 121 to tS 
[011 1] Respective received signals inputted into reception RF sections 121 to 124 are converted into the interme- 
diate-frequency signals, combined in signal combining section 125. and demodulated in demodulation sectfon 126 » 
be i a desired signa.. Enor detection section 802 executes enor detection on the demodulated signal to output the result 
[01 1 2] In the case where an enor is not detected as a result of the error detection, antenna set selection section 
801 successively selects the antenna set A as the antenna set for use in reception. As a result, the reception using 
receded signals from antennas 101 . 103. 106 and 108 belonging to the antenna set A is continued 

V ^ ?" * he °! h6r 'If*'' in thS 0856 Where an error is detected as a result of th e error detection, according to the 
order predetermined as the initial setting, antenna set selection section 801 selects the antenna set B as the antenna 

iXtneaS 

«n, WhSn an 6rr0r is , n °! de l * ected in next error det ection after the antenna set is switched, antenna set selection 
section 802 success^ selects the antenna set B as the antenna set for use in reception. In the case where an enror 

L t^/^'r aCC ° rd,n9 t t ° the ord * Predetermined as the initial setting, antenna set selection section 801 selects 
the antenna set C as the antenna set for use in reception 

th 0 rreceptio^s r to?nd oT^" 9 *° ^ ** * 3 " ant6nna S * «* h n ° a ™ * 

[0116] As described above, according to the reception apparatus according to the fourth embodiment of the 
t P hTrlr • T antennas be select ed based on the demodulated received signal which is a final output in 
?n JZ r^ K PPa . US ' rt ,s P oss,ble t0 anen W the optimization of a received quality the most directly and assunSly 
n addition, when the received quality does not meet the predetermined criterion, the simple method is employed toat 

££S STSSSd* an0th6r ^ Therefore ' " iS P0SSiWe t0 ^ WS easiV «JS££ 

SH?n»*. ■'"JS"? 1, alth0 ^ 9 ! 1 in the foUrth embodim ent. the switching of the antenna set is performed based on the 
antenna^ SSS IT ^TT^ !" T * ™* be to P erform the Aching of toe 

thi r« » 2 ♦ 1 °? ta, K ed by an ° ther de,eCti0n metnod witn tne c y dic redundant code being not used 

the resul of error rate, or the result obtained by detecting whether or not the constellation variance meets a predetS 

bv^mhtTnT^K 6 ' ^ ! ^ZT*"?* t0 Pert ° rm the SWitChin9 ° f antenna set bas& d on ^ criterion obtained 
by combining the above-mentioned results. 

h"?** " "!! y 06 POSSiDle 10 Perf ° rm Switchin9 " the amenna s et based on the result obtained by 
fn^ 9 a I 0 / ?h ! me t a f U I ed Va ' Ue me6tS 3 P^ermined reference value, where such a measured Slue 
mc udes a received field strength of a combined received signal, received power level, a field strength of a received sig 
SLS a COmmun ^f t,on partner - a P° we r level of a received signal from a communication partner, a ratio of a fiefcf 
sfrength of a received signal from a communication partner to the total received field strength, a ratio of a power level 
of a received signal from a communication partner to the total received power level. Furthermore, it may be possible to 

^h^«! ^ 9 ° ^1 S6t b3Sed ° n Criteri0n oWained by coining the above-mentioned results. In 
such cases, it is possible to obtain the same effects as in the fourth embodiment 

^LnJ^^^ *™t l 000 ^" 9 10 PreS6nt inVen,i0n ' Since the selection <* a "tennas for use in reception 
s performed handling as a unit the antenna set composed of antennas selected in advance to form a predetermined 
radiation pattern, rt is possible to ach.eve excellent reception conditions in a short time with the small-scaled calculation 
circuit using the simple selection method even in the case where the number of antennas is increased 
[0120] The present invention is not limited to the above described embodiments, and various variations and modi- 
fications may be poss.ble without departing from the scope of the present invention 

™ S f^f*?" If. 15356(1 ° n the ^P^ese Patent Application No. HEI 10-354896 filed on December 14 
1 998. entire content of which is expressly incorporated by reference herein. 
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1 . A reception apparatus comprising: 

5 a plurality of antenna sets each composed of directional antennas selected in advance from a plurality of direc- 

tional antennas to form a predetermined radiation pattern; 

a quality detector(1 09-1 1 6) that detects a quality of a received signal received at each of said directional anten- 
nas; and 

an antenna set selector(1 1 7) that selects an antenna set for use in reception based on said quality obtained in 
io said quality detector( 109-1 16). 

2. The reception apparatus according to claim 1 , wherein said plurality of directional antennas are divided into a plu- 
rality of antenna groups each composed of a plurality of directional antennas each with a radiation pattern with a 
respective different direction, and said directional antennas belonging to said antenna set are selected in advance 

75 from among said directional antennas composing said antenna group. 

3. The reception apparatus according to claim 1 , wherein said plurality of directional antennas are divided into a plu- 
rality of antenna groups each composed of a plurality of directional antennas each with a radiation pattern with a 
respective different direction, each of the antenna groups is installed near each vertex of a polygon on a virtual 

20 plane on which said directional antennas are arranged, and as said directional antennas belonging to said antenna 
set, a predetermined number of said directional antennas are selected in advance in ascending order of an angle 
between a direction of a radiation pattern of an directional antenna and another direction that is vertical to one side 
of said polygon. 

25 4. The reception apparatus according to claim 1 , further comprising: 

reception sections(1 21 -124) of which the number is smaller than the total number of said plurality of directional 
antennas, 

and wherein as said directional antennas belonging to said antenna set, a predetermined number of antennas 
30 are selected, said predetermined number being equal to or less than the number of reception sections. 

5. The reception apparatus according to claim 1 , wherein said quality detector detects a quality of each received sig- 
nal received at respective directional antenna, said received signal being combined yet, and said antenna set 
selector selects the antenna set for use in reception under a condition that said antenna set contains at least an 

35 directional antenna with said quality being the highest, or that said antenna set has a total quality being the highest, 
said total quality being obtained by totaling each quality of each of said directional antennas contained in said 
antenna set. 

6. The reception apparatus according to claim 1 , wherein said quality detector detects a quality of a combined signal 
40 that is obtained by combining received signals, and said antenna set selector switches the antenna set to another 

set when said quality does not meet a predetermined criterion, while selecting the antenna set used in a current 
communication as an antenna set for use in reception when said quality meets the predetermined criterion. 

7. The reception apparatus according to claim 1 , wherein said quality is at least one selected from the group consist- 
45 ing of a received field strength, a received power level, a field strength of a received signal from a communication 

partner, a power level of the received signal from the communication partner, a ratio of the field strength of the 
received signal from the communication partner to a total received field strength, and a ratio of the power level of 
the received signal from the communication partner to a total received power level. 

so 8. The reception apparatus according to claim 6, wherein said quality is at least one selected from the group consist- 
ing of a presence or absence of error detection, a detected result obtained using a cyclic redundant code, an error 
rate and a constellation variance. 

9. The reception apparatus according to claim 1 , wherein said antenna set selector comprising: 

55 

a preliminary selector(1 18) that selects said antenna set based on said quality of a frame of said received sig- 
nal; 

a selected information storage section(119) that stores a selected antenna set; and 



15 



EP 1 026 835 A2 

t a o ^?^?nn a emC f f^ (12 ^ 126) , that C ° mbineS reCeK,ed Si 9 na,s from said dire <*°nal ^nnas belonging 
StSiSTame information storage section to demodulate in receiving a next frame 

10. A reception/transmission apparatus comprising: 

a reception apparatus having: 

HiriS'V f 16 '™ 8 * 8 eacn composed of directional antennas selected in advance from a plurality of 
directional antennas to form a predetermined radiation pattern- 

a quality detector that detects a quality of a received signal received at each of said directional antennas; 

s^quamy X2S£^ ***** *" ** — M ° n ~" ^ ° btained in 

a transmitter that performs a radio communication using said antenna set selected in said antenna set selector. 

1 1. A base station apparatus comprising a reception apparatus having: 

Kn^iT** ° f ar T? 3 5etS eaCh com P° sed of directional antennas selected in advance from a plurality of direc- 
tional antennas to form a predetermined radiation pattern- 

a n q S!nl e «? r US d TT a , qUa ' ity ° f 3 reC6iv6d Signal received at <** of «** directional antennas: and 
qua?y detector antenna ** USe °" ^ quali * obtained in said 

12. A reception method comprising: 

£te a ^ 

* * * 3 ^ reCeived 31 6300 of «** directional anten- 

ricsss^c 01 selectin9 ■* antenna set for use in reception b - d ° n ^ quan,y ° btained 

13 ' Slec^om an ^Sn^ZlT 0 ^ ^ h ^ antenna selection ste P' an di ' ec *°na" antenna is 

SSl^r^I J 9 » ^ by d,V,d,n9 S3id P ' ura,ity of directi °nal antennas into a plurality of antenna 

groups to form radiation patterns with respective different directions. 

14. The reception method according to claim 12, further comprising: 

5£SEfiU f 6P ° f T^" ° ne ° f S3id PlUra,ity ° f antenna groups eacn ^'ned by dividing said plurality of 
directional antennas to form radiation patterns with respective dtfferent directions near each vertex of a poly- 

ant e °n a a ^tS^- T^"" ^ antema S ^ 0n step ' a Predetermined number of directional 

SZS^ZL h £ a !? end,n9 ° f an an9le b6tWeen 3 direction of a radiati °n Pattern of an direc- 
tional antenna and another direction that is vertical to one side of said polygon. 

15 ' 2L r r2SL n 2 th0d a ^ 0r< ! n9 t0 C ' aim 12> Wner6in in S3id quaHty detection ste P- ^id quality of each received 
signal receded at respective directional antenna is detected before said received signal is combined and in said 

coSint ^ ant6nna SSt ^ USS " r6Cepti0n iS Se,6cted und - « condition tht sS antennalet 

rtv beinn tl ^1 ^Tt IT" " M ^ bei " 9 the highest ' or «« antenna set has a total qi- 



16. 



The reception method according to claim 12. wherein in said quality detection step, a quality of a combined 
recaved signal ,s detected after said received signal is combined, and in said antenna set sSert on^ tne 
antenna set ,s swrtched to another set when said quality does not meet a predetermined aitenon tte ^menna 
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vance to form a predetermined radiation pattern, for 
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sum being the highest. Switch 120 connects received 
signals only from antennas belonging to the selected an- 
tenna set to reception RF sections 121 to 124. Received 
signal inputted to respective reception RF sections 121 
to 124 are converted into respective intermediate-fre- 
quency signals, combined in signal combining section 
125, and demodulated in demodulation section 126 to 
be a desired signal. 
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